1. Introduction
===============

1.1. Background
---------------

Infertility is the inability to conceive after one year of intercourse without any contraception, and it occurs about 17% of marriages. A number of factors have been introduced as the underlying reasons, and one factor is presumed to be the oxidative stress process or the unnatural increase in environmental free radicals ([@b1-epj-07-1590]). Free radicals cause damage to the majority of macromolecules, including lipids, proteins, and nucleic acids. The severity of the damage depends on the exposure time as well as the species. Environmental conditions, such as temperature, oxygen pressure, and the chemical makeup of seminal fluid, including ions, proteins, and antioxidants, have a key role in these damages ([@b2-epj-07-1590]). The oxidative stress process causes damage to the DNA of sperm. Bases and phosphodiester bonds of DNA are prone to peroxidation damages caused by free radicals, which could, in turn, lead to disorders, such as changes in bases, creation of positions with free bases, omission of bases, cross-links, and chromosome rearrangement ([@b3-epj-07-1590]). The lesser amount of reactive oxygen species (ROS) that exists normally in seminal fluid is essential for producing sperm. However, in circumstances in which the production speed of these free radicals is higher than flushing out of the inner and outer of body cells, oxidative stress is said to have occurred ([@b1-epj-07-1590]). The excessive production of ROS can cause severe damage to sperm. Recent research has been indicative of high ROS levels in 25--40% of infertile men ([@b4-epj-07-1590]). The two factors of the intensity of sperm chromatin along with seminal antioxidants would cause DNA protection against the oxidative stress damages ([@b5-epj-07-1590]). If the degree of damage to DNA is small, both the spermatozoa and the egg cell are able to proceed with their role in spite of the damage ([@b6-epj-07-1590]). But higher degrees of damage lead to apoptosis and embryonic cleavage. Heavy damage to sperm DNA leading to embryonic cleavage is reported as the cause of infertility in some cases. ([@b7-epj-07-1590]). It is believed currently that, with the saturation of the sperm's circumference with the help of antioxidants, spermatozoa can be protected against damages induced by oxidative stress ([@b6-epj-07-1590]). Therefore, in recent years, extensive research has been conducted to investigate the effect of natural and synthetic antioxidants (of herbal origins) on the viability of sperm. We investigated the effect of phoenix dactylifera pollen on male fertility. The potential advantages of antioxidants in assisted reproductive technologies have attracted researchers' attention. In this article, we attempted to deduce from various research works whether phoenix dactylifera pollen, as unnatural antioxidants, can improve sperm's viability.

1.2. Problem Statement
----------------------

Free oxygen species could have positive or negative effects on the viability of sperm. This is dependent on their concentration as well and the exposure time. Physiologically, sperm produce a little amount of ROS, which is vital for capacitation, over-activation, acrosome reaction, motility, fertility, and conception. Capacitation is a process that occurs in the female reproductive system during which sperm becomes capable of penetrating the egg cells. In this process, the intracellular calcium levels, ROS, and the activity of the tyrosine kinase enzyme are increased. This leads to an increase in cyclic adenosine monophosphate (cAMP), which, in turn, causes an over-activation of sperm along with their higher motility. Only the capacitated sperm are capable of acrosome reaction. All of these would result in acquiring the ability to fertilize an egg ([@b8-epj-07-1590]). In 2009, Makker et al. showed empirically that sperm with low amounts of hydrogen peroxide can stimulate capacitation, over-activation, the acrosome reaction, and have the ability to penetrate egg cells. Stimulation of the capacitation process and the acrosome reaction has been observed by other free oxygen species, such as nitric oxide and superoxide anions. The lipid peroxidation caused by the low amounts of ROS would lead to transformations of the sperm's membrane, resulting in facilitation of the linkage of the sperm and egg ([@b9-epj-07-1590]). However, an increase in ROS seems to correlate with the sperm's having low motility ([@b2-epj-07-1590]). Oxidative stress can damage mitochondria and make them become sources of ROS production; furthermore the ROS they produce also can result in their further impairment. Therefore, the performance of these organelles would be affected under oxidative stress. Therefore, it could be concluded that mitochondrial inability of energy production under oxidative stress can finally lead to deactivation of glycolysis enzymes and ultimately cause a reduction in the sperm's motility ([@b10-epj-07-1590]). Male infertility can be due to different causes, such as lifestyle, job, and genetics ([@b2-epj-07-1590]), in which the increase of free radicals can have adverse effects on fertility, so creating a balance between free radicals and the body's antioxidants is very important. Future studies should be conducted to study the effects of antioxidants (mainly from herbal sources) in decreasing free radicals and improving male fertility.

1.3. Objective of research
--------------------------

The aim of this review was to provide an overview of studies that have been conducted on the effects of phoenix dactylifera pollen on male infertility and its antioxidant effect. In this review, first, the natural antioxidative effects of semen and the antioxidative substances present in palm pollen are discussed. Then, the effects of antioxidative substances present in palm pollen on improving sperm's parameters presented in previous studies are debated.

2. Material and Methods
=======================

2.1. General methods
--------------------

We searched various English language databases for the period of 2005 through November 2014 to obtain the data for this study. The databases we searched included PubMed, Science Direct, Scopus, Springer, and Google Scholar. Publications were searched in two steps according to exact keywords. The keywords for the first step included male, phoenix dactylifera pollen, date palm, and infertility. The MeSH terms that were used were "Infertility" AND "phoenix dactylifera pollen" AND "date palm" AND "date fruit" OR "date seed." Then, we screened the selected articles using more precise keywords, including male infertility, ROS, and phoenix dactylifera pollen. MeSH terms for this step included "male infertility AND phoenix dactylifera pollen AND ROS." The titles and abstracts of all of the searched articles were assessed for their importance concerning the main point of the review, as well as the inclusion and exclusion criteria.

2.2. Inclusion and exclusion criteria
-------------------------------------

### 2.2.1 Inclusion criteria

Inclusion criteria were English language studies, cross-sectional studies, cohort studies, randomized control trials, and meta-analyses, as well as reviews. All applicable studies were evaluated based on titles and abstracts.

### 2.2.2 Exclusion criteria

Irrelevant studies as well as studies on animals, on patients with anatomical problems in their genitourinary systems, or drugs that affected sperm's parameters, and studies on primary infertility were excluded.

2.3. Quality assessment
-----------------------

For the documentation and the design of the value of each article, all parts of the article, including the title, abstract, introduction, methods, results, discussion, conclusions, and other information, were combined with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement checklist ([@b11-epj-07-1590]). The strength quality of each article was checked based on the STROBE checklist, which included 22 items. Studies with a score of over 60% were included. Furthermore, the sampling method, the presence of valid tools, and the inclusion and exclusion criteria also were checked. As a result, we identified 10 papers that were deemed to be appropriate for this review, and they are discussed further.

3. Results
==========

This review showed that phoenix dactylifera pollen is a very suitable supplement for infertility and can reduce free radicals and increase sperm motility. Many factors are responsible for male infertility, with free radicals being the most important. Five studies showed that an increase in free radicals was responsible for male infertility, and the other five studies showed that 1) free radicals adversely affect male fertility and 2) date pollen has a positive effect on improving sperm's parameters, including motility. The results showed that palm pollen is an effective substance for improving male fertility because it is rich in B, Zn, Se, Fe, Mo, Cu, Mn, Co, and Ni ([@b12-epj-07-1590]), as well as leucine and lysine, which are amino acids.

3.1. The natural antioxidants in seminal fluid
----------------------------------------------

The male reproduction system is abundant in both enzymatic and non-enzymatic antioxidants. The most important non-enzymatic antioxidants in seminal fluid are vitamins C and E, Q10 co-enzyme, carnitine, uric acid, pyruvate, glutathione, turin, and hypoturin. Catalase (CAT), superoxide dismutase (SOD), and glutathione peroxide (GPX) are among the most important enzymic antioxidants that inhibit the effect of ROS on biomolecules. Enzymic antioxidants accumulate mostly in the spermatozoa with a concentration exceeding those of all other components ([@b13-epj-07-1590]). SOD contains three isoforms that inhibit the effects of superoxide anions. Superoxide dismutase omits the superoxide anions of the inside and outside of cells. It inhibits lipid peroxidation of the plasma membrane. It also inhibits premature activation induced by superoxide radicals before ejaculation ([@b14-epj-07-1590]). Catalase removes the toxic effect of H2O2 in and out of the cells by converting it to oxygen and water. Moreover, it activates --NO, which induces sperm capacitation ([@b15-epj-07-1590]). The lactoferrin and ceruplolasmin existing in human seminal fluid control the peroxidation of fats in the sperm's membrane and maintains its ability to join the oocyte membrane ([@b13-epj-07-1590]). CAT would lead to a chemical analysis of hydrogen peroxide was water and oxygen molecules. GPX revives hydrogen peroxide and organic peroxides, such as phospholipid peroxides ([@b6-epj-07-1590]). Sperm have a unique status in terms of antioxidant defense. Sperm's cytoplasm contains a small amount of antioxidant enzymes. Moreover, the intra-sperm antioxidant enzymes cannot inhibit membrane peroxidation in the tail and acrosome areas. In natural concentrations, antioxidants have various and useful effects on resolving oxidative stress-induced damage; they eliminate the ROS produced by leucocytes, and they also prevent the cleavage of DNA ([@b16-epj-07-1590]).

3.2. Phoenix dactylifera pollen
-------------------------------

Until 50 years ago, plants had been the primary source of medical supplies. Date palm pollen (DPP), known scientifically as Phoenix dactylifera pollen, is one of the best-known and sacred fruit trees by people. Phoenix dactylifera L. (also known as Palma major Garsault and Phoenix cycadifolia Hort. Attens ex Regel), which is commonly called date palm, is considered as an important plant in the dry regions of Southwest Asia and North Africa ([@b17-epj-07-1590]--[@b19-epj-07-1590]). Dates are a good source of inexpensive food, and they are important to people in those regions. Dates have religious significance for Muslims worldwide, and they are mentioned frequently in the Holy Quran. They are particularly used to end the daily fasting during the holy month of Ramadan ([@b17-epj-07-1590], [@b18-epj-07-1590], [@b20-epj-07-1590]). Palm pollen has several pharmacological effects including anti-oxidant and anti-mutagen effects ([@b21-epj-07-1590]). Dates contain nutritious substances, such as various glucoses, unsaturated fatty acids (linoleic acid and oleic acid), and saturated fatty acids (stearic acid and palmitic acid) ([@b20-epj-07-1590], [@b22-epj-07-1590], [@b23-epj-07-1590]). About 15 other minerals are present in dates, including zinc, cadmium, calcium, potassium, vitamins A, B1, B2, C, and niacin ([@b24-epj-07-1590]). Vayalil (2002) showed for the first time that the aqueous extract of dates was an effective scavenger of superoxides and hydroxyl radicals, and it also is effective in inhibiting iron-induced lipid peroxidation as well as protein oxidation in the rat brain homogenate in a concentration-dependent manner ([@b25-epj-07-1590]). Several investigators have reported a strong correlation of pollen antioxidant bioactivity and phenolic compounds ([@b26-epj-07-1590], [@b27-epj-07-1590]). Later researchers have confirmed these findings with different types of dates ([@b28-epj-07-1590], [@b29-epj-07-1590]). In 2009, Ye et al. conducted a study to evaluate the antioxidant activity of Tunisian dates. The results indicated that the Korkobbi type of dates had the best lipoperoxyl radical scavenging activity, while the Rotbi type dates worked very well in scavenging hydroxyl radicals ([@b30-epj-07-1590]). Investigations on animals have indicated that oral feeding of p-coumaric acid, which is present in dates, adds to the expression of antioxidant enzyme genes among rat cardiac tissue ([@b29-epj-07-1590]). The observed antioxidant activity of dates is due to their phenolic compounds, anthocyanins, flavonoid glycosides, and procyanidins. The antioxidant activity is reduced by sun-drying and ripening ([@b28-epj-07-1590], [@b20-epj-07-1590]). The selenium that is present in dates also has been assumed to contribute to the antioxidant effects. A number of researchers have indicated that this essential trace element exerts its antioxidant function primarily in the form of selenocysteine residues. Evidently, the existence of diverse phenolic compounds and selenium may have led to the observed free radical scavenging and anti-oxidant effects ([@b31-epj-07-1590]). The existing saponin in palm pollen extract stimulates the smooth muscles of penis, and it adds to the motility of sperm and induces erections ([@b32-epj-07-1590]). The existence of some flavonoids, including quercetin, rutin, and β-amirin, in the pollen grains was shown by Al-Shagrawi to influence the prevention of the peroxidation of fatty acids in the body. Moreover, carotenoids, such as beta-carotene and lycopene, form a significant component of the anti-oxidant's defense mechanism ([@b33-epj-07-1590]). The plasma membrane is protected by beta-carotenes against lipid peroxidation ([@b34-epj-07-1590]). The water-based extracts from dates also have strong antioxidant activity, which also exists in a wide range of phenolic compounds that are present in dates. These phenolic compounds include p-coumaric, ferulic, and sinapic acids, flavonoids, and procyanidins ([@b17-epj-07-1590], [@b35-epj-07-1590]). Palm extracts show the capability of preventing infections that are caused by Pseudomonas phage ATCC 14209- B1. They also can totally inhibit bacterial lysis ([@b36-epj-07-1590]). It was later indicated that this effect was caused by interference in part of the lytic cycle of the phage. In addition, date extracts were found to have anti-ulcer ([@b37-epj-07-1590]), anti-cancer ([@b38-epj-07-1590]), anti-diarrheal ([@b39-epj-07-1590]), hepato-protective, anti-mutagenic ([@b40-epj-07-1590]), anti-oxidant ([@b28-epj-07-1590]), aphrodiasiac ([@b25-epj-07-1590]), anti-inflamatory ([@b41-epj-07-1590]), anti-microbial ([@b36-epj-07-1590]), anti-genotoxic ([@b28-epj-07-1590]), anti-hyperlipidemic and nephroprotective activities ([@b42-epj-07-1590]).

4. Discussion
=============

Phoenix dactylifera pollen grain is used as a traditional herbal medicine to resolve infertility problems among men. In ancient times, this grain was used in traditional medicine in Egypt to increase and restore male fertility ([@b43-epj-07-1590]). In traditional medicine, it has been used prevalently to treat male infertility. Moreover, the use of a phoenix dactylifera pollen suspension helps to improve sperm counts, motility, and morphology, and it produces a concomitant increase in the weight of the testicles and the epididymis. This occurs because it contains estradiol and flavonoid components, which have a positive effect on the quality of sperm ([@b44-epj-07-1590]). Based on the body of research, phoenix dactylifera pollen was found to be capable of stimulating the gonads ([@b38-epj-07-1590]). Due to having estrogenic compounds, estron is known as an effective stimulant of the gonads, and it has been used to treat infertility in male rats ([@b45-epj-07-1590]). Other active anti-oxidant substances, including flavinoids, phytosterols and carotenoids, have essential role in eliminating free radicals and causing the enhancement of fertility parameters, which can provide an important protective role against oxidative stress ([@b12-epj-07-1590]). Palm pollen grain increases spermatogenesis and DNA formation, by improving the motility and morphology of spermatozoa ([@b12-epj-07-1590], [@b13-epj-07-1590]). Also it has been shown that various substances and minerals, such as zinc, cadmium, linolenic acid, and palmitic acid, increase the activity of cytochrome P450, thereby increasing the conversion of cholesterol to pregnenolone and increasing the secretion of testosterone ([@b7-epj-07-1590]). Palmitic acid and stearic acid that are present in date palm pollen inhibit 5 alpha reductase enzyme, so less testosterone is converted to dihydrotestesterone, which subsequently increases the concentration of testosterone in the blood ([@b10-epj-07-1590]). Various minerals, including cadmium and zinc, also can enhance the production of testosterone via the biosynthesis of 17-betahydroxy steroid dehydrogenase, which increases the metabolism of steroids ([@b11-epj-07-1590]). All in vitro and in vivo research indicates that there significant improvements in the semen's parameters, such as motility, viability, acrosome reaction, and lipid peroxidation. Only few human studies were available which were conducted in-vitro and the animal studies were conducted in-vivo, so further studies are required to assess the efficacy of palm pollen grain for enhancing male fertility. One of the strengths of this review was that the positive effect of palm pollen is a good anti-oxidant supplement and can neutralize free oxygen radicals, which has yet to be the focus of studies concerning its use as a therapeutic option for treating infertility. Further studies are required to assess the effect of phoenix dactylifera pollen grain on spermatogenesis and its mechanisms.

5. Conclusions
==============

According to previous research, palm pollen could decrease ROS and improve seminal parameters in infertile men. This means that palm pollen could be an effective antioxidant supplement to improve sperm parameters in infertile men. Currently many researchers are interested in investigating the use of herbal antioxidants to neutralize the effect of ROS and to reduce the oxidative stress-induced effects in body cells and tissues. Treatment with the help of anti-oxidants is a protective defense against oxidative stress, and the goal is to improve fertility parameters. Little research has been conducted to date to determine the therapeutic effects of palm pollen on people. However, considering its special compounds and based on the findings, phoenix dactylifera pollen can be considered as an effective, edible anti-oxidant with the least negative side effects. Due to its significant positive effects, it is highly recommended that additional clinical research be conducted on this plant, concerning its use in the treatment of male infertility and in treating other diseases related to free radicals, such as cancer. As an approach in treatment of male infertility, the pollen also can be taken for use in in-vitro fertilization to improve semen parameters.
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